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(57) ABSTRACT

A shake amount detection device includes an acceleration
sensor. A vibration period detector detects a vibration period
during which vibration that becomes a predetermined accel-
eration 1s applied to a body. A velocity variation estimation
unit estimates a first movement velocity which 1s a compo-
nent velocity due to an attitude movement of the body during
the vibration period. A velocity calculator calculates a sec-
ond movement velocity that 1s a velocity of the body and
corrects the second movement velocity 1 a case of the
vibration period as a detection result of the vibration period
detector. A shake amount calculator calculates an image blur
correction amount relative to the vibration applied to the
body, based on the second movement velocity corrected by

the velocity calculator.
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SHAKE AMOUNT DETECTION DEVICE AND
IMAGING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation application of PCT
Application No. PCT/IP2014/053656, filed Feb. 17, 2014
and based upon and claiming the benefit of priority from the
prior Japanese Patent Application No. 2013-039331, filed
Feb. 28, 2013, the entire contents of both of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a shake amount detection

device, and an imaging device including the same.

2. Description of the Related Art

In recent years, imaging devices with camera shake
correction functions have been gaining in popularity. With
such an 1maging device, a user can take a good 1image which
1s free from 1mage blur due to a camera shake, without
paying particular attention.

In general, a camera shake increases at a time of photo-
graphing with a long exposure time. In some cases, an 1mage
blur at a time of such long-exposure photography fails to be
suiliciently corrected. In particular, when long-exposure
photography in a macro-region i1s conducted, 1t 1s highly
possible that an 1mage blur cannot fully be corrected. The
reason for this 1s that, 1n many cases, a translational shake
cannot fully be corrected by conventional camera shake
correction. Camera shakes can generally be classified into an
angular shake and a translational shake. The angular shake
1s such a camera shake that the angle of the optical axis of
the 1maging device 1s varied. On the other hand, the trans-
lational shake 1s such a camera shake that the body of the
imaging device 1s moved 1n a planar direction perpendicular
to the optical axis. When the 1mage magnification 1s small,
the effect of image blur due to a translational shake 1s small.
If the image magnification increases, the effect of image blur
due to the translational shake becomes greater. Accordingly,
in a macro-region in which the image magnification 1s large
in general, the effect of 1mage blur due to the translational
shake increases, and suflicient image blur correction cannot
be made. Consequently, the quality of images deteriorates.

Jpn. Pat. Appin. KOKAI Publication No. H7-2234035
proposes a method of detecting a translational shake. An
imaging device, which 1s proposed in this Jpn. Pat. Appin.
KOKAI Publication No. H7-225405, includes an accelera-
tion detection device configured to detect accelerations in
directions of three axes acting on the imaging device; an
angular velocity detection device configured to detect angu-
lar velocities about these three axes; attitude detection
means for calculating a coordinate transformation matrix
between a camera coordinate system and a coordinate sys-
tem at rest, from the accelerations 1n the three-axis directions
and the angular velocities about the three axis; and gravi-
tational acceleration component calculation means for cal-
culating, from the coordinate matrix, a gravitational accel-
eration velocity component in the camera coordinate system.
The gravitational acceleration component 1s eliminated from
the output of the acceleration detection device, and then a
translational movement amount i1s calculated. Based on the
calculated translational movement amount, 1image blur cor-
rection 1s made.
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2

In addition, 1n the case of an 1imaging device including a
movable component such as a shutter or an instant return
mirror, vibration occurring due to the operation of the
movable component may atlect image blur correction. Japa-
nese Patent No. 2897413 proposes a method 1n which, when
vibration has occurred due to the operation of the movable
component, the eflect of the vibration 1n the calculation of
shake information 1s reduced by prohibiting the calculation

of shake information for a predetermined period until the
output of an angular velocity sensor 1s stabilized.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the mnvention, a shake amount
detection device comprises: an acceleration sensor config-
ured to detect an acceleration which 1s applied to a body; a
vibration period detector configured to detect a vibration
period during which vibration of a predetermined threshold
or more 1s applied to the body; a velocity variation estima-
tion unit configured to estimate a velocity vanation of the
body during the vibration period, based on the acceleration
detected by the acceleration sensor; a velocity calculator
configured to calculate a velocity of the body, based on the
acceleration, and to correct the velocity, based on the veloc-
ity variation estimated by the velocity vanation estimation
unit; and a shake amount calculator configured to calculate
an 1mage blur correction amount relative to the vibration
applied to the body, based on the velocity corrected by the
velocity calculator. Advantages of the invention will be set
forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The advantages of the invention may be
realized and obtained by means of the instrumentalities and
combinations particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, 1llustrate embodi-
ments of the mvention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the 1nvention.

FIG. 1 1s an external appearance view of the body of a
camera functioning as an 1imaging device according to each
of embodiments.

FIG. 2 1s a block diagram 1llustrating a configuration of
the entirety of the camera according to each embodiment.

FIG. 3 1s a block diagram 1llustrating an internal configu-
ration of a shake correction microcomputer according to the
first embodiment.

FIG. 4 1s a view 1illustrating a schematic configuration of
a translational shake correction unat.

FIG. § 1s a view 1llustrating a detailed configuration of the
translational shake correction unit in the first embodiment.

FIG. 6 1s a flowchart illustrating a process of calculating
an 1mage blur correction amount.

FIG. 7 1s a view 1illustrating a relationship between a
shutter control signal and an acceleration.

FIG. 8 1s a flowchart illustrating a velocity variation
estimation process 1n the first embodiment.

FIG. 9 1s a view 1illustrating variations with time of signals
occurring within the translational shake correction unit.

FIG. 10 1s a view 1llustrating a detailed configuration of
a translational shake correction umt in a second embodi-
ment.
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FIG. 11 1s a flowchart illustrating a velocity varation
estimation process 1n the second embodiment.

FIG. 12 1s a view 1illustrating the relationship between an
acceleration during a vibration period and a velocity as an
integration result of the acceleration 1n the second embodi-
ment.

FIG. 13 1s a view 1illustrating a detailed configuration of
a translational shake correction unit in Modification 1 of the
second embodiment.

FIG. 14 1s a flowchart illustrating a velocity variation
estimation process 1 Modification 1.

FIG. 15 1s a view 1llustrating the relationship between an
acceleration during a vibration period and a velocity as an
integration result of the acceleration 1n Modification 1.

FIG. 16 1s a flowchart illustrating a velocity varnation
estimation process 1 Modification 3.

FI1G. 17 1s a flowchart 1llustrating an 1image blur correction
process 1n Modification 4.

FIG. 18 1s a flowchart illustrating a velocity varnation
estimation process 1n Modification 4.

FIG. 19 1s a flowchart illustrating a velocity variation
estimation process 1 Modification 5.

FIG. 20 1s a view 1llustrating a detailed configuration of

a translational shake correction unit 733 1n a third embodi-
ment.

FIG. 21 1s a block diagram illustrating an internal con-
figuration of a shake correction microcomputer according to
a fourth first embodiment.

FIG. 22 1s a block diagram illustrating details of a
translational shake correction unit 733 1n the fourth embodi-
ment.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Embodiments of the present invention will be described
hereinafter with reference to the accompanying drawings.

Before describing the embodiments of the present inven-
tion, movements occurring in the body of an 1imaging device
are defined. FIG. 1 1s an external appearance view of the
body of a camera functioning as an 1imaging device includ-
ing a shake amount detection device according to each of the
embodiments of the mnvention.

As 1llustrated in FI1G. 1, orthogonal three axes are defined
for a body 1 of the camera. An axis of the body 1, which
becomes a left-and-right direction when a user holds the
body 1 of the camera 1n a horizontal position, 1s defined as
an X axis. The right direction of the X axis 1s a + direction,
and the left direction of the X axis 1s a — direction. In
addition, an axis of the body 1, which becomes an up-and-
down direction when the user holds the body 1 of the camera
in the horizontal position, 1s defined as a Y axis. The upward
direction of the Y axis 1s a + direction, and the downward
direction of the Y axis 1s a — direction. Besides, an axis along
the optical axis of the camera, which 1s indicated by a
dot-and-dash line 1 FIG. 1, 1s defined as a Z axis. A subject
side (front side of the body 1) of the Z axis 1s a + direction,
and an 1mage side (rear side of the body 1) of the Z axis 1s
a — direction. The X axis and Y axis illustrated in FIG. 1
correspond to an X axis and a Y axis of an imaging plane of
an 1mage-capturing element 4 which is to be described later.

Additionally, as illustrated 1n FIG. 1, a rotational direction
about the X axis 1s defined as a pitch direction, a rotational
direction about the Y axis 1s defined as a yaw direction, and
a rotational direction about the 7Z axis i1s defined as a roll
direction. As regards the positive/negative of the rotational
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directions, the direction of each arrow in FIG. 1 1s a +
direction, and the opposite direction 1s a — direction.

The positive/negative of the above-described directions
depends on the direction of mounting of an acceleration
sensor 8 (to be described later). In some cases, depending on
the direction of mounting of the acceleration sensor 8, the
positive/negative of directions may be different from that
illustrated 1n FIG. 1.

FIG. 2 1s a block diagram 1llustrating a configuration of
the entirety of the camera according to each embodiment of
the mnvention. In the body 1 of the camera according to the
embodiments, there are provided an optical system 2, a focal
plane shutter 3, an 1mage-capturing element 4, a driving unit
5, a system controller 6, a shake correction microcomputer
7, an acceleration sensor 8, a release (switch) SW 9, and an
clectronic view finder (EVF) 10. In addition, a memory card
11 1s provided within the body 1, or 1s attachable 1n the body
1.

The optical system 2 includes a single or a plurality of
lenses and an aperture. The optical system 2 forms an 1image
of a light flux from the outside of the body 1 on the 1imaging
plane of the image-capturing element 4 as a subject image.
The focal plane shutter 3 1s provided 1n front of the 1imaging
plane of the image-capturing element 4, and 1s operated to
open/close, thereby setting the image-capturing element 4 1n
an exposed state or 1 a light-shielded state. The 1mage-
capturing element 4 converts the subject image, which 1s
formed on the 1imaging plane, to an electric signal, based on
an instruction from the system controller 6.

The driving unit 5 includes a support member which
supports the image-capturing clement 4. Based on an
instruction from the shake correction microcomputer 7, the
driving unit 5 drives the 1mage-capturing element 4 in the
X-axis direction and Y-axis direction.

The system controller 6 executes various controls relating
to the functions of the entirety of the camera, aside from the
above-described read-out of video signals.

For example, the system controller 6 reads out a video
signal from the image-capturing element 4, and executes an
image process for converting the read-out video signal to a
format that 1s suited to display or recording. In addition, the
system controller 6 controls a photography operation when
a second release SW of the release SW 9, which will be
illustrated later, 1s turned on. The photography operation 1s
a series of operations from driving the image-capturing
clement 4, to acquiring a video signal, to processing this
video signal 1n a format suited to recording, and to recording
the video signal 1n the memory card 11. In addition, at the
time of the photography operation, the system controller 6
executes control relating to exposure of the image-capturing
clement 4, based on an external light flux which 1s incident
through the optical system 2. For example, the system
controller 6 controls an opening time of the focal plane
shutter 3 and an aperture value of the optical system 2.
Furthermore, the system controller 6 monitors the image
magnification of the optical system 2. For example, when
the optical system 2 includes a zoom lens, the system
controller 6 monitors the 1image magnification by the posi-
tion of the zoom lens (the position corresponding to the focal
distance). Besides, the system controller 6 monitors the
image magnification, also by monitoring whether a position
corresponding to the focus (a subject distance at a time of
focusing) of the lens, which constitutes the optical system 2,
has become coincident with a macro-position (a position
corresponding to close proximity photography).

In addition, the system controller 6 executes control of
image blur correction by communication with the shake
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correction microcomputer 7. The shake correction micro-
computer 7 controls an 1mage blur correction operation 1n

accordance with the control of the system controller 6. The
shake correction microcomputer 7 calculates an 1mage blur
correction amount from the output of the acceleration sensor
8, and 1nputs the calculated image blur correction amount to
the driving unit 5. In accordance with this image blur
correction amount, the driving unit 5 drives the 1mage-
capturing element 4, and thereby an 1mage blur, which 1s a
blur on the 1maging plane of the image-capturing element 4,
can be prevented. This shake correction microcomputer 7
will be described later in detail.

The acceleration sensor 8 detects accelerations along the
X axis and Y axis illustrated in FIG. 1. A signal of the
acceleration detected by the acceleration sensor 1s mput to
the shake correction microcomputer 7.

The release switch (SW) 9 1s a switch which operates in
response to a release button provided on the body 1. The
release SW 9 includes a first release SW which 1s turned on
in response to a halt-press of the release button, and a second
release SW which 1s turned on in response to a full-press of
the release button.

The electronic view finder (EVF) 10 1s, for instance, a
liquad crystal panel, and displays video based on the video
signal, which 1s converted to a displayable format by the
system controller 6, so that the user can visually recognize
the video.

The memory card 11 1s, for instance, a flash memory, and
records the video signal, which 1s converted to a recordable
format by the system controller 6.

First Embodiment

Hereinafter, embodiments of the present invention will be
described. FI1G. 3 15 a block diagram illustrating an internal
configuration of the shake correction microcomputer 7
according to a first embodiment of the present invention.
The shake correction microcomputer 7 includes an SI0O 71a,
a SIO 714, a driver 72, and a CPU 73. Here, FIG. 3
illustrates only a configuration for correcting a translational
shake. This aims at making the description simpler. Needless
to say, a configuration for correcting an angular shake may
turther be provided.

The SIO 71a and SIO 715 are communication units for the
CPU 73 to execute serial communication with other devices.
The SIO 71a 1s used for communication with the accelera-
tion sensor 8. In addition, the SIO 715 1s used for commu-
nication with the system controller 6.

The driver 72 generates a signal for driving the driving
unit 5, based on an 1mage blur correction amount calculated
by the CPU 73, and inputs the generated signal to the driving
unit 5.

The CPU 73 calculates an 1image blur correction amount
for correcting a translational shake of the body 1, from the
detection result of the acceleration sensor 8, and 1nputs the
calculated image blur correction amount to the driver 72.
The CPU 73 includes an acceleration acquisition unit 731,
zero point correction units 732a and 7325, a translational
shake correction unit 733, and a communication unit 734.

The acceleration acquisition unit 731 reads out a value of
two-axis acceleration from the acceleration sensor 8 via the
SIO 71a. Then, the acceleration acquisition unit 731 divides
the read-out value of the acceleration into values of the X
axis and Y axis, and mputs them to the translational shake
correction unit 733.

The zero point correction units 732a and 7325 subtract,
from the acceleration signals acquired by the acceleration
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6

acquisition unit 731, acceleration signal levels (zero points)
which are acquired when the acceleration of the body 1
becomes zero, thereby eliminating oflset components of the
acceleration signals acquired by the acceleration acquisition
umt 731, and matching the zero points of the acceleration
with predetermined reference values. Here, the zero point
correction unit 732a corrects the zero point of the X-axis
acceleration. The zero point correction, umt 7325 corrects
the zero point of the Y-axis acceleration.

Based on the accelerations of the X axis and Y axis which
are mput from the zero point correction units 732q and 7325,
the translational shake correction unit 733 calculates an
image blur correction amount for correcting the translational
shake of the body 1. The detailed configuration of the
translational shake correction unit 733 will be described
later.

The communication unit 734 communicates with the
system controller 6 via the SIO 715.

FIG. 4 1s a view 1illustrating a schematic configuration of
the translational shake correction unit 733. FIG. 5 1s a view
illustrating a detailed configuration of the translational shake

correction unit 733 1n the first embodiment. Here, as regards
the translational shake correction umt 733 of FIG. 4 and
FIG. 5, FIG. 4 and FIG. 5 illustrate the configuration relating
to one axis. Actually, the translational shake correction unit
733 of FIG. 4 and FIG. 5§ exits for each of the two axes,
namely the X axis and Y axis.

The translational shake correction unmit 733 includes a
vibration period detector 7331, a velocity vanation estima-
tion unit 7332, a velocity calculator 7333, and a shake
amount calculator 7334.

The vibration period detector 7331 detects a vibration
period by communication with the system controller 6 via
the commumication unit 734. The vibration period 1s a period
during which vibration of a predetermined threshold or more
1s applied. This predetermined threshold is vibration which
1s greater than vibration due to a camera shake, and 1s, for
example, vibration due to the operation of a movable com-
ponent such as the focal plane shutter 3. The vibration period
detector 7331 detects the vibration period, for example, 1n
accordance with a shutter control signal which 1s input from
the system controller 6. Besides, the vibration period may be
experimentally measured.

The velocity variation estimation unit 7332 estimates a
velocity vanation of the body 1 during the vibration period,
based on the value of the zero point corrected acceleration
which 1s mput from the zero point correction unit 732a,
732b. The velocity variation estimation unit 7332 includes
an integration unit 7332a, a high-pass filter (HPF) 733254, an
integration unit 7332¢, and a subtracter 73324.

The integration unmit 7332a calculates the velocity by
integrating the zero point corrected acceleration during the
vibration period. This itegration unit 7332a executes inte-
gration only during the vibration period, and continues to
output “0” during the other periods. Here, the velocity,
which 1s calculated by the mtegration unit 7332a, includes
a velocity due to the vibration (camera shake) of the body 1
itself, and a velocity based on the vibration due to the
operation of the movable component such as the focal plane
shutter 3.

The HPF 332) eliminates a predetermined low-frequency
component in the zero point corrected acceleration during
the vibration period. Here, it 1s assumed that a cutofl
frequency of the HPF 733256 1s, for example, 20 Hz. It 1s
experimentally understood that the frequency of vibration
due to the camera shake 1s 1n a range of about 1 Hz to 10 Hz,
and the frequency of vibration due to the operation of the
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movable component such as the focal plane shutter 3 1s
about 50 Hz. Accordingly, by eliminating a frequency com-
ponent of 20 Hz or less, which 1s sufliciently higher than the
frequency of vibration due to the camera shake, 1t 1s possible
to extract only the acceleration component due to the
operation of the movable component. Incidentallyj it should
suilice 11 the frequency component, which i1s eliminated by
the HPF 73325, 1s higher than the upper-llmlt frequency of
vibration due to the camera shake and 1s lower than the
lower-limit frequency of vibration due to the operation of the
movable component. Here, although the cutofl frequency 1s
assumed to be 20 Hz by way of example, it 1s better, 1n fact,
to set the cutofl frequency by also taking into account the
influence of the phase.

The mtegration unit 7332¢ calculates the velocity by
integrating the acceleration due to only the operation of the
movable component which 1s mput from the HPF 73325.
The integration unit 7332¢ executes integration only during
the vibration period, and continues to output “0” during the
other periods. Here, the velocity, which 1s calculated by the
1ntegrat1011 unit 7332¢, corresponds to a velocity oflset
which 1s erroneously calculated by the integration unit
7332a due to vibration by the operation of the movable
component.

The subtracter 7332d subtracts the velocity offset, which
1s calculated by the integration unit 7332¢, from the velocity
calculated by the integration unit 7332a, thereby calculating
a velocity variation due to only the vibration (camera shake)
of the body 1.

The velocity calculator 7333 includes an integration unit
which calculates the velocity, based on the acceleration
which 1s mput from the zero point correction unit 732a,
732b. In addition, immediately after the vibration period, the
velocity calculator 7333 executes a correction of adding the
velocity vanation, which 1s estimated by the velocity varia-
tion estimation unit 7332, to the calculated velocity.

The shake amount calculator 7334 calculates an 1mage
blur correction amount, based on the velocity obtained by
the velocity calculator 7333. The shake amount calculator
7334 includes a multiplication unit 7334¢ and an integration
unit 73345.

The multiplication unit 7334a multiplies the velocity,
which 1s calculated by the velocity calculator 7333, by an
image magnification which 1s acquired by the communica-
tion with the system controller 6 via the communication unit
734, thereby calculating a translational velocity of an image
on the 1imaging plane of the image-capturing element 4.

The integration unit 733456 integrates the translational
velocity of the image, which 1s input from the multiplication
unit 7334aq, thereby calculating a translational movement
amount of the image on the imaging plane of the 1mage-
capturing element 4 as the image blur correction amount.

FIG. 6 1s a flowchart illustrating a process of calculating
an 1mage blur correction amount. In FIG. 6, the translational
shake correction unit 733 acquires values of acceleration via
the zero point correction units 732a, 732b (step S1).

Subsequently, the translational shake correction unit 733
determines, by the vibration period detector 7331, whether
the present period 1s a vibration period or not (step S2).

Next, the vibration period i1s explained. Here, a descrip-
tion 1s given of the vibration period of the focal plane shutter
3 as an example of the vibration due to the operation of the
movable component. FIG. 7 1s a view 1llustrating a relation-
ship between a shutter control signal and an acceleration.

The shutter control signal in the case of the focal plane
shutter 1s divided 1nto a front-curtain control signal and a
rear-curtain control signal. The front-curtain control signal
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and rear-curtain control signal are control signals for con-
trolling magnets for attracting the front curtain and rear
curtain of the focal plane shutter. In the example of FIG. 7,
while the control signal 1s “High™, a magnetic force of the
magnet 1s generated.

A timing t1 1n FIG. 7 1s a ttiming at which the front curtain
and rear curtain of the focal plane shutter 3 are attracted. Due
to vibration at this timing tl1, acceleration occurs. In addi-
tion, a timing t2 1s a timing at which levers for attracting the
front curtain and rear curtain of the focal plane shutter 3 are
evacuated. Due to vibration occurring at the timing t2, too,
acceleration occurs. These timings t1 and t2 are detected as
vibration periods. In usual cases, a time interval from timing,
t1 to timing t2 1s a fixed time interval. Accordingly, 1 the
time interval between the timings t1 and t2, which 1s the
timing of rising of the front-curtain control signal and
rear-curtain control signal, 1s determined, for example, at a
time of design of the camera, the timing t2 can be detected
from the timing t1.

A timing t3 1n FIG. 7 1s timing when the front curtain of
the focal plane shutter 3 runs. Due to vibration occurring at
the time of running of the front curtain at the timing t3, too,
acceleration occurs. This timing t3 1s also detected as a
vibration period. In general, the timing t3 varies depending
on aperture setting. However, as understood from FIG. 7, the
timing t3 can be detected as a timing at which the front-
curtain control signal changes to “Low”.

A timing t4 1s timing when the rear curtain of the focal
plane shutter 3 runs. Due to vibration occurring at the time
of running of the front curtain at the timing t4, too, accel-
eration occurs. Here, the timing t4 1s a timing of the end of
the exposure period. Vibration occurring at this timing does
not aflect an 1mage which 1s captured. Thus, the vibration
can be 1gnored as the vibration period 1n this embodiment.

As described above, the vibration due to the focal plane
shutter 3 occurs due to the operation thereof. Accordingly, it
1s possible to determine the vibration period, from the levels
of the front-curtain control signal and rear-curtain control
signal serving as the shutter control signal. By detecting the
vibration period by using the shutter control signal, the
vibration occurring due to the operation of the focal plane
shutter 3 can be detected without using the camera setting.

If the vibration period 1s not determined 1n step S2, the
translational shake correction umit 733 calculates the veloc-
ity by integrating the acceleration by the velocity calculator
7333 (step S3). On the other hand, 11 the vibration period 1s
determined in step S2, the translational shake correction unit
733 estimates the velocity variation during the vibration
period by the velocity variation estimation unit 7332 (step
S4).

FIG. 8 1s a flowchart illustrating the velocity variation
estimation process in the first embodiment. In FIG. 8, the
velocity variation estimation unit 7332 executes, by the HPF
7332b, an HPF (High Pass Filtering) process on the signal
of the zero point corrected acceleration (step S101). By the
HPF process, a component relating to camera shake in the
signal of the acceleration 1s eliminated, and only a compo-
nent relating to the movable component (focal plane shutter
3) 1s extracted.

Next, the velocity variation estimation unit 7332 inte-

grates, by the integration umt 7332q, the zero point cor-
rected acceleration (step S102). In addition, the velocity
variation estimation unit 7332 integrates, by the integration
unmt 7332¢, the HPF-processed acceleration (step S103).
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Subsequently, the velocity vanation estimation unit 7332
determines whether the vibration period has ended or not,
from the detection result of the vibration period detector
7331 (step S104).

If the vibration period has not ended, the velocity varia-
tion estimation unit 7332 acquires the acceleration (step
S106). Thereafter, the velocity varnation estimation unit
7332 repeats the process of step 101 to step S104.

If the vibration period has ended, the velocity variation
estimation unit 7332 subtracts, by the subtracter 7332d, the
integration value of S103 from the integration value of S102,
and integrates, by the velocity calculator 7333, the input
from the subtracter 7332d, thereby calculating the velocity
variation based on the camera shake during the vibration
period (step S105).

Hereinafter, reverting back to the description of FIG. 6,
after the velocity variation estimation process, the transla-
tional shake correction unit 733 executes, by the velocity

calculator 7333, the calculation and correction of the veloc-
ity (step S5).

After the calculation or correction of the velocity, the
translational shake correction unit 733 multiplies, by the
multiplication unit 7334a of the shake amount calculator
7334, the value of the velocity, which i1s mput from the
velocity calculator 7333, by an 1image magnification (step
S6). Thereby, the translational velocity of the body 1 1s
converted to the translational velocity of the image on the
imaging plane. Then, the translational shake correction unit
733 integrates the value of the velocity which 1s mput from
the multiplication unit 7334a, thereby calculating the image
blur correction amount (step S7).

FI1G. 9 15 a view 1llustrating variations with time of signals
occurring within the translational shake correction unit 733.
As 1n 1llustrated 1n part (a) of FIG. 9, noise occurring from
vibration due to the operation of the movable component 1s
superimposed, at timings t1 to t4 that are vibration periods,
on the signal of the zero point corrected acceleration which
1s the mput of the translational shake correction unit 733.

The integration unit 7332q integrates the signals of the
zero point corrected acceleration, which are input at the
timings tl1 to t3 that are vibration periods. Accordingly, as
illustrated 1n part (b) of FIG. 9, the integration result at this
time 1ncludes both an integration result of the acceleration
component due to the vibration (camera shake) of the body
1 and an integration result of the acceleration component
due to the vibration of the focal plane shutter 3.

The HPF 73325 eliminates a low-frequency component in
the zero point corrected acceleration that 1s mput. Accord-
ingly, as illustrated 1n part (¢) of FIG. 9, the output of the
HPF 733256 1s the signal of the acceleration component due
to the vibration of the focal plane shutter 3.

The integration unit 7332¢ integrates the iput from the
HPF 7332b. Accordingly, as illustrated 1n part (d) of FIG. 9,
the output of the integration unit 7332¢ 1s an integration
result of the acceleration components due to the vibration of
the focal plane shutter 3 during the vibration period.

The velocity calculator 7333 integrates, 1n periods other
than the wvibration period, the signal of the zero point
corrected acceleration that 1s mnput. On the other hand, at a
time point of the end of the vibration period, the velocity
calculator 7333 executes correction of velocity, by which the
integration result of the acceleration component due to the
vibration of the focal plane shutter 3 1s subtracted from the
integration result of the signal of the zero point corrected
acceleration. Accordingly, the output of the velocity calcu-
lator 7333 will become as illustrated 1n part (e) of FIG. 9.
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As has been described above, according to the present
embodiment, the noise component, which occurs from the

vibration due to the operation of the movable component, 1s
subtracted from the velocity obtained during the vibration
period. Thereby, even when noise occurs in the acceleration
occurring from the vibration due to the operation of the
movable component, the effect of the noise 1s removed and
the exact translational velocity 1s calculated. Thus, the exact
image blur correction amount can be calculated.

Here, 1n the example of FI1G. 5, the integration unit 73324
and the velocity calculator 7333 are constructed as separate
units, and the operation of the velocity calculator 7333 1s
switched according to whether the time period 1s the vibra-
tion period or not. However, the mtegration unit 7332q and
the velocity calculator 7333 may be constructed as one unit.
In this case, at the time point of the end of the vibration
period, such correction 1s made that the integration result of

the integration unit 7332¢ 1s subtracted from the integration
result of the velocity calculator 7333.

Second Embodiment

Next, a second embodiment of the present invention 1s
described. FIG. 10 1s a view 1llustrating a detailed configu-
ration of a translational shake correction unit 733 in the
second embodiment. Incidentally, in FIG. 10, the same
structure as 1 FIG. 5 1s denoted by the same reference
numerals as in FIG. 5. The second embodiment differs from
the first embodiment with respect to the configuration of the
velocity variation estimation umt 7332. Thus, hereinafter,
the structure and operation of the velocity variation estima-
tion unit 7332 are mainly described.

The velocity variation estimation unit 7332 1n the second
embodiment includes a bufler 73321, a continuation period
measuring unit 73322, an mterpolation linear line calculator
73323, and an integration arithmetic unit 73324.

The bufller 73321 stores an acceleration amount at a time
point when the start of the vibration period 1s detected by the
vibration period detector 7331.

The continuation period measuring unit 73322 measures
a continuation period from the detection of the start of the
vibration period by the vibration period detector 7331 to the
end of the vibration period. Here, the continuation period
measuring unit 73322 1s, for example, a counter which
counts up one by one, each time an acquisition timing of
acceleration has passed since the time point when the start
of the vibration period 1s detected.

The mterpolation linear line calculator 73323, which 1s an
example of an interpolation unit, calculates interpolation
points on an interpolation linear line indicative of the
acceleration during the vibration period, by using the accel-
eration at the time of the start of the vibration period, which
1s stored 1n the bufller 73321, and the (present) acceleration
value after the end of the vibration period, when the end of
the vibration period i1s detected by the wvibration period
detector 7331.

The integration arithmetic unit 73324 estimates the veloc-
ity variation during the vibration period by integrating the
interpolation linear line, which is calculated by the nterpo-
lation linear line calculator 73323, during the continuation
period measured by the continuation period measuring unit
73322.

FIG. 11 1s a flowchart illustrating a velocity variation
estimation process in the second embodiment. In FIG. 11,
the velocity variation estimation unit 7332 determines
whether the acceleration 1s stored 1n the butfer 73321 or not

(step S201).




US 9,525,820 B2

11

If the acceleration 1s not stored, the velocity varnation
estimation umt 7332 stores the input zero point corrected
acceleration in the bufler 73321 (step S202). Subsequently,
the velocity variation estimation unit 7332 clears the value
of the continuation period, which 1s measured by the con-
tinuation period measuring unit 73322, to “0”, and starts the
measurement of the continuation period (step S203).

If the acceleration 1s stored, the velocity variation esti-
mation unit 7332 counts up the value of the continuation
period by the continuation period measuring unit 73322
(step S204).

Subsequently, the velocity varnation estimation unit 7332
determines once again whether the present period 1s the
vibration period or not, from the detection result of the
vibration period detector 7331 (step S205). If the present
period 1s the vibration period, the velocity variation estima-
tion unit 7332 acquires the acceleration (S206). Thereafter,
the velocity varnation estimation unit 7332 repeats the pro-
cess of step S201 to step S205.

If the vibration period has ended, the velocity variation
estimation unit 7332 calculates an interpolation linear line
indicative of the acceleration variation during the vibration
period by utilizing the acceleration stored 1n step S202, the
continuation period measured in step S204, and the present
acceleration. The interpolation linear line i1s given by the
following equation 1 (step S207).

(equation 1)

ACC 1n] = n/N X {(Acc_al — Acc bO)+ Acc b0 (N £0)

= Acc_ b0 (N =0)

Here, Acc_i[n] 1n equation 1 1s the value of acceleration
at an n-th interpolation position. Acc_bO 1s the value of
Acceleration stored 1n the bufter 73321. Acc_a0 1s the value
of (present) acceleration after the end of the vibration period.
N 1s a continuation period, with the time point of the start of
the vibration period being set to be 1. N 1s counted up each
time the process 1s S204 1s executed. In addition, n 1s the
number of samples, with the time point of the start of the
vibration period being set to be O.

Next, the velocity variation estimation umt 7332 inte-
grates, by the integration arithmetic umt 73324, the inter-
polation linear line, which 1s calculated by the interpolation
linear line calculator 73323, during the continuation period
measured 1n step S204, thereby calculating an estimation
value of the velocity variation (step S208). This integration

arithmetic 1s expressed by the following equation 2.

N (equation 2)
Vd = Z Acc_i[n]
n=>0

Instead of the arithmetic expressed by equation 2, an
arithmetic using each parameter included 1n equation 1 may
be performed. This arithmetic 1s expressed by the following
equation 3.

Vd=(Acc_bO+Acc_a0)x(N+1)/2 (equation 3)

FIG. 12 1s a view 1illustrating the relationship between an
acceleration amount during a vibration period and a velocity
as an integration result of the acceleration 1n the second
embodiment.

The acceleration during the vibration period includes, in
addition to the acceleration component due to camera shake,
the acceleration component occurring form the vibration due
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to the operation of the movable component such as the focal
plane shutter 3. Thus, as illustrated 1n part (a) of FIG. 12, the

wavelorm of the acceleration during the vibration period 1s
greatly distorted. Here, a broken line in part (a) of FIG. 12
indicates the state in which the acceleration occurs only due
to the vibration of the body 1, when 1t 1s assumed that there
1s no acceleration component occurring from the vibration
due to the operation of the movable component.

The interpolation linear line calculator 73323 interpolates
the acceleration during the vibration period by a linear
expression (linear line), by utilizing the accelerations at
sampling points before and after the vibration period. Black
double circles 1n part (b) of FIG. 12 indicate accelerations
which are used for interpolation, and black squares in FIG.
12 indicate acceleration s generated by the interpolation. As
1s understood from a comparison between part (a) of FIG. 12
and part (b) of FIG. 12, the acceleration obtained by linear
interpolation becomes substantially equal to the state of only
the acceleration value due to the vibration of the body 1.

Part (¢) of FIG. 12 illustrates the velocity obtained by
integrating the acceleration which 1s not subjected to the
interpolation 1n the interpolation linear line calculator
73323. Since the velocity obtained 1n this case includes the
velocity occurring from the vibration of the operation of the
movable component, the waveform 1s greatly distorted.

Part (d) of FIG. 12 illustrates the velocity obtained by
integrating the acceleration after subjected to the interpola-
tion in the interpolation linear line calculator 73323, that 1s,
the output of the integration arithmetic umt 73324. In this
case, the velocity obtained after the end of the vibration
period coincides with the velocity indicated by a broken line
in part (¢) of FIG. 12.

As has been described above, according to the present
embodiment, the acceleration during the vibration period 1s
estimated by the linear interpolation using the accelerations
before and after the vibration period. Thereby, even if
vibration occurs, the eflect of the vibration can be elimi-
nated, and the translational velocity can exactly be calcu-
lated.

Modification 1 of the Second Embodiment

Next, modifications of the second embodiment of the
invention will be described. FIG. 13 1s a view 1llustrating a
detailed configuration of a translational shake correction unit
733 1n Modification 1 of the second embodiment. Inciden-
tally, in FIG. 13, the same structure as 1 FIG. 10 1s denoted
by the same reference numerals as 1n FIG. 10. Modification
1 differs from the second embodiment in that the interpo-
lation linear line calculator 73323 1s replaced with an
approximate curve calculator 73323. In addition, Modifica-
tion 1 differs from the second embodiment 1n that, while the
bufler 73321 1n the second embodiment stores only the
acceleration at the of the start of the vibration period, the
bufler 73321 1n Modification 1 stores accelerations at a
plurality of time points.

The bufler 73321 of Modification 1 stores, as a front-side
acceleration, an acceleration of one sample at the time of the
start of the wvibration period or a plurality of samples.
Further, the buffer 73321 stores, as rear-side accelerations,
defined accelerations of 0 or more samples after the end of
the vibration period. Here, the reason why the bufler 73321
stores accelerations of 0 or more samples as the rear-side
accelerations are that, 1f the number of samples, which 1s
necessary as the rear-side accelerations, 1s set to be 1, the
number of samples for the rear-side acceleration 1s satistied
if the present acceleration 1s acquired.
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When the accelerations of a necessary number of samples
have been accumulated in the bufter 73321, the approximate
curve calculator 73325, which 1s another example of the
interpolation unit, calculates an approximate curve indica-
tive of the acceleration of only the vibration component of
the body 1 during the vibration period, by using the front-
side acceleration and rear-side acceleration stored in the
butler 73321 and the present acceleration.

FIG. 14 1s a flowchart illustrating a velocity variation
estimation process in Modification 1. If the velocity varia-
tion estimation process 1s started, the velocity variation
estimation unit 7332 determines whether the front-side
acceleration 1s stored 1n the bufler 73321 (step S301).

If the front-side acceleration 1s not stored, the velocity
variation estimation unit 7332 stores the present zero point
corrected acceleration, which 1s input, 1n the bufler 73321 as
the front-side acceleration (step S302). Subsequently, the
velocity vanation estimation unit 7332 clears the value of
the continuation period, which 1s calculated by the continu-
ation period measuring unit 73322, to “0”, and starts the
measurement of the continuation period (step S303).

If the acceleration 1s stored, the velocity variation esti-
mation umt 7332 counts up the value of the continuation
pertod by the continuation period measuring unit 73322
(step S304).

Subsequently, the velocity varnation estimation unit 7332
determines once again whether the present period 1s the
vibration period or not, from the detection result of the
vibration period detector 7331 (step S303). If the present
period 1s the vibration period, the velocity variation estima-
tion unit 7332 acquires the acceleration (S306). Thereaftter,
the velocity vanation estimation unit 7332 repeats the pro-
cess of step S301 to step S305.

If the vibration period has ended, the velocity varnation
estimation unit 7332 confirms whether the accelerations of
the necessary number of samples for calculating an approxi-
mate curve has been acquired (step S309). For example, i
the number of samples, which 1s necessary as the rear-side
acceleration, 1s set to be 1, the number of points of the
rear-side acceleration 1s satisfied if the present acceleration
1s acquired. On the other hand, if the number of samples,
which 1s necessary as the rear-side acceleration, 1s set to be
2 or more and the rear-side acceleration, excluding the
present acceleration, 1s not stored, the mput present zero
point corrected acceleration 1s stored 1n the bufler 73321 as
the rear-side acceleration (step S310). Then, the velocity
variation estimation unit 7332 acquires the acceleration once
again (S311). Thereafter, the velocity variation estimation
unit 7332 repeats the process of step S309 to step S311 until
the rear-side acceleration of the necessary number of
samples 1s acquired.

If the accelerations of the necessary number of samples
tor calculating the approximate curve has been acquired, the
velocity variation estimation unit 7332 calculates, by the
approximate curve calculator 73325, an approximate curve
indicative of the acceleration variation during the vibration
period, by using the front-side acceleration stored in step
5302, the continuation period measured 1n step S304, and
the rear-side acceleration (including the present accelera-
tion) stored 1n step S310 (step S312). The approximate curve

of the acceleration, with the estimation section (from the
time point of the start of the vibration period to the time
point of the end of the vibration period) being n=[-1, N], 1s
given by the following equation 4.
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Acc i[n] = axn® + Bxn+7, (equation 4)
where
ray (1 =1 1Y ¢ Acebl>
ﬁ = 0 0 ACC_bO
y) AIN* N 1) L Accal,

Here, Acc_i1[n] 1n equation 4 1s the value of acceleration
at an n-th mterpolation position. Acc_b1 1s the value of the
front-side acceleration stored in the butter 73321. Acc b0 1s
the value of the rear-side acceleration stored 1n the bufler
73321. Acc_a0 1s the value of the present acceleration after
the end of the vibration period. N 1s a continuation period,
with the time point of the start of the vibration period being
set to be 0. N 1s counted up each time the process of S304
1s executed. In addition, n 1s the number of samples, with the

time point of the start of the vibration period being set to be
0.

Next, the velocity variation estimation unit 7332 1inte-
grates, by the integration arithmetic unit 73324, the approxi-
mate curve, which 1s calculated by the approximate linear
line calculator 73323, during the continuation period mea-
sured 1n step S304, thereby calculating an estimation value
of the velocity variation (step S313). This integration arith-
metic 1s expressed by the following equation 3.

(equation 3)

N
Vd = Z Acc_ifn]

n=—1

Here, the number of acceleration stored in the bufller
73321 1s determined by the degree of the approximate curve
calculated by the approximate curve calculator 73325. If the
degree 1s 1, the same as 1n the second embodiment applies.
The relationship between the number of samples x of the
front-side acceleration and the number of samples v of the
rear-side acceleration, which are necessary for the calcula-
tion of the approximate curve, 1s, for example, as follows.
One sample of the rear-side accelerations 1s the value of the
present acceleration. Accordingly, the number of samples of
the rear-side acceleration, which needs to be stored in the
buffer 73321, 1s y-1.

When the degree 15 1, (x, y)=(1, 1).

When the degree 1s 2, (X, y)=(2, 1) or (1, 2).

When the degree 15 3, (X, y)=(2, 2).

In this manner, various methods for setting the samples of
acceleration can be selected 1n accordance with the degree of
the polynomial which becomes the approximate curve.
However, if the degree 1s an odd number, it 1s preferable to
make the number of samples of the front-side acceleration
greater than the number of samples of the rear-side accel-
eration. Thereby, the timing of a return to the calculation
process of the normal velocity after the vibration period can
be made earlier, and the precision of velocity calculation can
be made higher. Furthermore, this contributes to reduction in
release time lag.

In addition, instead of the arithmetic of equation 5, a
definite integral for equation 4 may be performed. This
arithmetic 1s expressed by equation 6. However, when a
definite integral 1s performed according to equation 6, 1t 1s

necessary to perform integration, with the estimation section
being set to be n=[-1, N+1].

Vd=ax((N+1)3-1)/3+Ppx((N+1)2-1)/2+yx((N+1)-1) (equation 6)
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FIG. 15 1s a view 1illustrating the relationship between the
acceleration during the vibration period and the velocity as
an integration result of the acceleration 1n Modification 1.
Incidentally, FIG. 15 illustrates an example 1n which qua-
dratic polynomial interpolation 1s performed, with two
samples being set for the front-side acceleration and one
sample being set for the rear-side acceleration. Here, since
the polynomial interpolation 1s utilized 1n the example of
FIG. 15, an approximate curve of acceleration, which has a

higher precision than the case of the linear interpolation of
FIG. 12, can be obtained.

Modification 2 of the Second Embodiment

In Modification 1 of the second embodiment, the approxi-
mate curve 1s calculated by using the polynomial interpo-
lation. However, i1t 1s not always necessary to use the
polynomial interpolation for the calculation of the approxi-
mate curve. Modification 2 1s an example 1 which an
approximate curve 1s calculated by a least square method.

In usual cases, the acceleration, which 1s detected by the
acceleration sensor, includes noise. Thus, when the perfor-
mance ol the acceleration sensor 1s low and the amount of
noise included in the acceleration 1s large, it 1s not always
possible to secure a suflicient precision by the iterpolation
arithmetic for calculating a curve which necessarily passes
through sampled acceleration points. In the case of such a
system, 1t 1s desirable to calculate an approximate curve by
other methods such as a least square method.

In the case of using the least square method, like the
interpolation arithmetic, the degree of the approximate curve
and the number of points of samples for use 1n the calcu-
lation can properly be varied. However, 1n the case of the
least square method, when the degree of the approximate
curve 1s set to be L, accelerations of L+2 samples or more,
before and after the vibration period, are utilized.

Hereinafter, a description 1s given of a case of calculating
a quadratic approximate curve by using four samples 1n
total, namely two samples for the front-side acceleration and
two samples for the rear-side acceleration. For example, an
approximate curve ol acceleration of an estimation section
n=[-1, N+1] 1s given by the following equation 7.

Acc i[n] =axn* + Bxn+y, (equation /)

where
(-1 -1 1Y / Ace bl >
{ ¥ )
p U 01 Acc b0
B NZ N Acc a0
N 5
(N+1)* N+1 1) \Accal,

Here, Acc_i[n] 1n equation 7 1s the value of acceleration
at an n-th interpolation position. Acc_bl 1s the value of the
front-side acceleration i1mmediately after the wvibration
period, which 1s stored in the bufler 73321. Acc_b0O 1s the
value of the front-side acceleration which 1s stored in the
bufler 73321, one sample immediately after the vibration
period. Acc_a0 1s the value of the rear-side acceleration
which 1s stored 1n the buller 73321, one sample after the end
of the vibration period. Acc_al 1s the value of the rear-side
acceleration (present acceleration) which 1s stored 1n the
bufler 73321, two samples after the end of the vibration
period. N 1s a continuation period, with the time point of the
start of the vibration period being set to be 0. N 1s counted
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up each time the process of S304 1s executed. In addition, n
1s the number of samples, with the time point of the start of
the vibration period being set to be 0. A matrix M™ is a
pseudo-nverse matrix of a matrix M.

In addition, an integral arithmetic for the result of equa-
tion 7 1s expressed by the following equation 8.

(equation &)

Vd = Z Acc_iln]
n=l1

Modification 3 of the Second Embodiment

In the above-described second embodiment and modifi-
cations thereol, an approximate curve of a predetermined
degree 1s calculated 1n the interpolation arithmetic. Here, 1n
general, compared to the linear approximation, the calcula-
tion cost for higher-degree approximation increases. Thus, 1t
1s proper to change the degree of the approximate curve 1n
accordance with the required precision. The required preci-
sion of the approximate curve varies depending on the
exposure condition of the imaging device and the distance to
the subject. For example, when the shutter speed 1s slow or
the 1image magnification 1s large, it 1s necessary to calculate
the approximate curve with higher precision.

FIG. 16 1s a tlowchart illustrating a velocity variation
estimation process in Modification 3. In FIG. 16, a process
of determining an approximate curve calculation method of
step S400 1s added to the flowchart of FIG. 14. As described
above, the approximate curve calculation method can be
determined by using, for example, the shutter speed or
image magnification. Here, the information of the shutter
speed or 1mage magnification 1s information which 1s noti-
fied by the system controller 6 functioning as a controller.

For example, 1n the case 1n which the shutter speed 1s set
as a reference for determination, 1f the shutter speed 1s faster
than V100 sec., the approximate curve calculation method 1s
performed by using linear approximation. If the shutter
speed 1s slower than Y100 sec., the approximate curve cal-
culation method 1s performed by using higher-degree
approximation. In addition, 1in the case in which the image
magnification 1s set as a reference, if the 1image magnifica-
tion 1s less than Vio, the approximate curve calculation
method 1s performed by using linear approximation. If the
image magnification 1s Yio or more, the approximate curve
calculation method i1s performed by using higher-degree
approximation.

Here, a higher-degree approximate curve means an
approximate curve calculated by using acceleration at two or
more points of either or both of the front-side acceleration
and the rear-side acceleration. The shutter speed and 1image
magnification, which are set as determination references for
determining the approximate curve calculation method, also
vary depending on the shapes, etc. of the optical system 2
and body 1. Thus, the determination reference may be
experimentally found. In addition, the determination refer-
ence may set by using both the shutter speed and image
magnification, or only one of them may be used.

As described above, 1n Modification 3, the interpolation
arithmetic 1s performed 1n accordance with the required
precision of interpolation, and thereby interpolation can be

performed at a proper calculation cost.

Modification 4 of the Second Embodiment

In the above-described second embodiment and the modi-
fications thereof, as the front-side acceleration which 1s used
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for calculation of the approximate curve, the acceleration at
the time point of detection of vibration (actually, 1mmedi-
ately after vibration detection) 1s used. However, 1n this case,
there 1s a concern that the detection 1s delayed, depending on
the kind of vibration. At this time, the calculation of the
acceleration and velocity would be executed by utilizing the
information during the vibration period. As a countermea-
sure against this, it may be possible to store only accelera-
tions at plural points before the detection of vibration 1n the
bufler, and to calculate an approximate curve by using
samples, which are stored after the detection of vibration, as
the front-side acceleration.

FI1G. 17 1s a flowchart illustrating an 1mage blur correction
process 1n Modification 4. In addition, FIG. 18 1s a flowchart
illustrating a velocity vanation estimation process 1 Modi-
fication 4.

To begin with, a description 1s given of FIG. 17. Here, in
FIG. 17, a description of the processes common to those 1n
FIG. 6 1s omitted. If the vibration period 1s not determined
in step S2, the translational shake correction unit 733
calculates the velocity by integrating the acceleration by the
velocity calculator 7333 (step S3). Subsequently, the trans-
lational shake correction unit 733 stores, 1n the bufler 73321,
acceleration of plural samples for a countermeasure against
delay (step S8). Here, the number of samples of acceleration,
which are stored in the bufler 73321 in step S8 is set to be
the sum or more of an assumed vibration detection delay
sample number 7Z and a sample number X of front-side
accelerations which are used for calculation of the approxi-
mate curve. In the other respects, the same process as 1 FIG.
6 1s executed.

Next, a description 1s given of FIG. 18. In FIG. 18, the
velocity vanation estimation unit 7332 clears the value of
the continuation period, which 1s measured by the continu-
ation period measuring unit 73322, to “0” (step S3501). Next,
the velocity variation estimation unit 7332 counts up the
value of the continuation period measured by the continu-
ation period measuring unit 73322 (step S502).

Subsequently, the velocity variation estimation unit 7332
determines whether the vibration period has ended or not,
from the detection result of the vibration period detector
7331 (step S503). If the vibration period has not ended, the
velocity variation estimation unit 7332 acquires the accel-
cration (S504). Thereafter, the velocity vanation estimation
unit 7332 repeats the process of step S502 and step S503.

If the vibration period has ended, the velocity variation
estimation unit 7332 confirms whether the acceleration of
the necessary number of samples for calculating an approxi-
mate curve has been acquired (step S305). For example, i
the number of samples, which 1s necessary as the rear-side
acceleration, 1s set to be 1, the number of points of the
rear-side acceleration 1s satisfied if the present acceleration
1s acquired. On the other hand, if the number of samples,
which 1s necessary as the rear-side acceleration, 1s set to be
2 or more and the rear-side accelerations, excluding the
present acceleration, 1s not stored, the input present zero
point corrected acceleration 1s stored 1n the bufler 73321 as
the rear-side acceleration (step S506). Then, the velocity
variation estimation unit 7332 acquires the acceleration once
again (S507). Thereafter, the velocity variation estimation
unit 7332 repeats the process of step S5035 to step S507 until
the rear-side acceleration of the necessary number of
samples 1s acquired.

It the accelerations of the necessary number of samples
for calculating the approximate curve has been acquired, the
velocity variation estimation unit 7332 calculates, by the
approximate curve calculator 733235, an approximate curve
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indicative of the acceleration variation during the vibration
period, by utilizing the front-side acceleration stored 1n step
S8, the continuation period measured in step S502, and the
rear-side acceleration (including the present acceleration)
stored 1n step S506 (step S508). The approximate curve of
the acceleration, with the estimation section being n=[1-7,
N], 1s given by the following equation 9.

Acc_ifm|=n+2)/(N+1+ZL)x(Acc_aO-Acc_bO[Z])+

Acc_bfZ] (equation 9)

Here, Acc_i|n] in equation 9 is the value of acceleration
at an n-th interpolation position. Acc_b[Z] 1s the value of the
front-side acceleration stored 1n the bufler 73321 before the
detection of vibration. Z=0 1s the above-described accelera-
tion immediately before the vibration. Acc_a0 1s the value of
the present acceleration after the end of the vibration period.
N 1s a continuation period, with the time point of the start of
the vibration period being set to be 1. N 1s counted up each
time the process of step S502 1s executed. In addition, n 1s
the number of samples, with the time point of the start of the
vibration period being set to be 1.

Next, the velocity variation estimation unit 7332 1inte-
grates, by the itegration arithmetic unit 73324, the approxi-
mate curve, which 1s calculated by the approximate curve
calculator 733235, during the continuation period measured
in step S304, thereby calculating an estimation value of the
velocity vanation (step S509). This integration arithmetic 1s
expressed by the following equation 10. Equation 10 rep-
resents an arithmetic operation of adding the present accel-
eration to the sum of the interpolation result of the vibration
pertod n=[1, N], and subtracting the velocity variation
during the period that 1s Z samples before the time of
detection of vibration.

71 (equation 10)
Acc 1|n] + Acc_ a0 — Z Acc blz]
Z 7=0

Vd =

H

2

By this Modification 4, even in the case where the
detection of vibration by the vibration period detector 7331
1s delayed, an accurate velocity variation can be calculated.

Modification 5 of the Second Embodiment

In the above-described second embodiment and the modi-
fications thereot, after the end of the vibration period, the
velocity vanation during the vibration period is estimated. In
this case, 1n a state in which vibration of the movable
component, etc. 1s continuously applied, the estimation
section of the approximate curve increases, and the calcu-
lation precision of the approximate curve tends to lower.
Thus, 11 the continuation period becomes long, 1t 1s desirable
to stop the calculation of the velocity vanation estimation
value, and to reset the output of the velocity calculator 7333.
By this Modification 5, the calculation precision of the
approximate curve can be kept high.

FIG. 19 1s a tlowchart illustrating a velocity variation
estimation process 1n Modification 3. Here, in FIG. 19, a
description of the processes common to those 1n FIG. 18 1s
omitted. In step S503, 11 the vibration period has ended, the
velocity variation estimation unit 7332 determines whether
the vibration period (continuation period) 1s a threshold (an
experimental value; e.g. 100 ms) or less, from the measure-
ment result of the continuation period measuring unit (step
S601). If the continuation period is the threshold or less, the
velocity variation estimation unit 7332 executes hereafter
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the same process as in FIG. 18. On the other hand, if the
continuation period exceeds the threshold, the velocity
variation estimation unit 7332 clears the integration result in
the velocity calculator 7333 (step S602). Thereby, the veloc-
ity variation estimation value 1s cleared to “0”.

Modification 6 of the Second Embodiment

In the above-described embodiment and the modifications
thereol, the velocity vanation during the vibration period 1s
estimated by utilizing the acceleration after the end of the
vibration period. Accordingly, during the vibration period,
exact image blur correction cannot be executed. In this case,
during the exposure period, 1f the acceleration during the
vibration period 1s utilized as such, the effect of 1mage blur
correction becomes higher. Thus, the velocity varation
estimation may not be executed during the exposure period,
by not determining the vibration period during the exposure
period.

Third Embodiment

Next, a third embodiment of the present invention 1s
described. FIG. 20 1s a view 1llustrating a detailed configu-
ration of a translational shake correction unit 733 in the third
embodiment. Incidentally, 1n FIG. 20, the same structure as
in FIG. § 1s denoted by the same reference numerals as 1n
FIG. 5. The third embodiment differs from the preceding
embodiment 1n that the zero point corrected acceleration,
which 1s detected via the acceleration sensor, 1s also 1nput to
the vibration period detector 7331.

In the above-described embodiment and the modifications
thereol, the vibration period 1s detected by utilizing the
control signal of the movable component such as the focal
plane shutter 3. However, the detection method of the
vibration period 1s not limited to this. For example, while the
variation 1n acceleration 1s being monitored by the vibration
period detector 7331, 1f a variation 1n acceleration, which 1s
suiliciently greater than assumed by normal camera shake, 1s
detected, the vibration period may be determined. Besides,
in the case of utilizing the variation in acceleration, if the
difference between the average of acceleration of M samples
and the present acceleration i1s a predetermined value or
more, the vibration period may be determined. Furthermore,
the vibration period may be detected by combining a plu-
rality of methods.

By determining the vibration period by monitoring the
acceleration as 1n the third embodiment, 1t 1s possible to
detect, for example, vibration occurring due to handling by
the user, other than the vibrations due to the operations of
movable components, such as the operation of the focal
plane shutter 3, the charge operation of a flush device, the
operation of the istant return mirror, and the operation of
the aperture. The vibration occurring due to handling by the
user includes vibration occurring in the body 1 by the
operation of the user, such as vibration occurring when the
user pressed the button of the release switch or the like and
vibration occurring when the user rotated the command dial,
and vibration occurring 1n a state in which the user has no
intention, such as vibration occurring when the strap ring or
buckle of the camera strap comes 1n contact with the body

1.

Fourth Embodiment

In the above-described embodiment and modifications
thereol, 1n order to calculate the image blur correction
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amount, the acceleration 1s integrated two times. In this
embodiment, the acceleration detected by the acceleration
sensor 8 1s subjected to the zero point correction. However,
when an error due to other than the effect of gravity occurs
between the actual reference value of the acceleration sensor
8 and the zero point corrected by the zero point correction
umt 732a, 732b, the error 1s increased by the two-time
integrations. If the itegration for a long period 1s continued
in this state, the disparity between an image blur correction
amount, which 1s to be actually obtained, and a calculated
image blur correction amount increases. Thus, 1t 1s desirable
to calculate the velocity from an angular velocity which 1s
detected by an angular velocity sensor, mnstead of integrating
the calculated velocity as such.

FIG. 21 1s a block diagram 1llustrating an internal con-
figuration of a shake correction microcomputer 7 according
to the fourth first embodiment. The shake correction micro-
computer 7 in the fourth embodiment includes ADCs (ana-
log-to-digital converters) 74a and 74b, 1n addition to the
SIOs 71a and 7154, driver 72 and CPU 73. The CPU 73
turther 1includes zero point correction units 735a and 7355.
In addition, as illustrated 1n FIG. 21, the ADCs 74a and 745
are connected to angular velocity sensors 12a and 12b.

The angular velocity sensor 12a, 126 detects the angular
velocity about an axis which 1s set on the body 1. The
angular velocity sensor 12a detects an angular velocity 1n
the pitch direction. In addition, the angular velocity sensor
1256 detects an angular velocity in the yaw direction.

The ADC 74a converts an output signal of the angular
velocity sensor 12a to a digital signal. The ADC 745
converts an output signal of the angular velocity sensor 125
to a digital signal.

The zero point correction unit 735a, 7355 subtracts, from
the angular velocity signal acquired by the angular velocity
sensor, a signal level (zero point) which 1s acquired when the
angular velocity of the body 1 becomes zero, thereby
climinating an oflset component, and matching the zero
point of the angular velocity with a predetermined reference
value. Here, the zero point correction unit 735a corrects the
zero point of the pitch-directional angular velocity. The zero
point correction unit 7356 corrects the zero point of the
yaw-directional angular velocity.

FIG. 22 i1s a block diagram illustrating details of a
translational shake correction unit 733 in the fourth embodi-
ment. FIG. 22 1s a block diagram relating to only one axis.
Actually, the translational shake correction unit 733 with the
configuration 1llustrated in FIG. 22 exits for each of the two
axes, namely the X axis and Y axis. In addition, in the
example of FIG. 22, a one-axis angular velocity 1s made to
correspond to a one-axis acceleration. On the other hand, a
method 1n which two-axis angular velocities are made to
correspond to a one-axis acceleration i1s proposed and
known. This method can be utilized in the present embodi-
ment, too.

In FIG. 22, the same structure as in FIG. 10 1s denoted by
the same reference numerals as 1n FIG. 10. The configura-
tion of the translational shake correction umt 733 illustrated
in FIG. 22 differs from the configuration of the translational
shake correction unit 733 illustrated 1n FIG. 10, with respect
to the configuration of the shake amount calculator 7334.
Heremafter, the different points from FIG. 10 are mainly
described.

As 1llustrated 1n FIG. 22, the shake amount calculator
7334 1n the fourth embodiment includes filters 7334¢ and
7334d, a radius calculator 7334¢ and a multiplication unit
7334/, 1n addition to the multiplication umt 7334a and
integration unit 73345.
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The filter 7334¢ 1s a filter which adjusts a frequency
characteristic and a phase characteristic in a signal of

velocity obtained by the velocity calculator 7333. For
example, the filter 7334¢ 1s an HPF which eliminates a
low-frequency component i the signal of velocity. As
described above, the frequency of camera shake 1s, 1n
general, 1n a range of about 1 Hz to 10 Hz. Accordingly, by
celiminating a frequency of 1 Hz or less by the filter 7334c,
the eflect of a temperature drift, etc. 1n the signal of velocity,
which 1s detected by the acceleration sensor, 1s eliminated.

The filter 73344 1s a filter which adjusts a frequency
characteristic and a phase characteristic 1n the zero point
corrected angular velocity which 1s mput from the ADC.
This filter 73344 has a function of matching the frequency
characteristics and phase characteristics between the veloc-
ity signal obtained by the velocity calculator 7333 and the
signal of angular velocity detected via the angular velocity
sensor. When the frequency characteristics and phase char-
acteristics are different between the acceleration sensor and
the angular velocity sensor, the filter 73344 adjusts the
frequency characteristic and phase characteristic of the
signal of angular velocity, so that the frequency character-
1stics and phase characteristics of the signals of velocity may
become 1dentical.

The radius calculator 7334e divides the output of the filter
7334¢ by the output of the filter 7334d, thereby calculating
a radius of gyration. Since the calculation 1s the division,
when the absolute value of the output of the filter 7334d 1s
close to O, the calculation value of the radius diverges to
infinity. In this case, the radius cannot be calculated with
suilicient precision. Thus, 11 the output of the filter 73344 1s
a predetermined value or less, the radius calculator 7334e
does not perform new division, and fixes the output. In
addition, when the vibration period 1s being detected by the
vibration period detector 7331, 1t 1s possible that a compo-
nent due to the vibration of the movable component, etc. 1s
included 1n the velocity obtained by the velocity calculator
7333. Thus, also when the vibration period 1s being detected
by the vibration period detector 7331, the radius calculator
7334¢ does not update the output.

The multiplication unit 7334/ multiplies the radius calcu-
lation value, which 1s input from the radius calculator 7334e,
by the angular velocity that 1s input from the ADC, thereby
calculating the translational velocity.

The operations of the multiplication unit 7334a and
integration unit 73345 are the same as m FIG. 10, so a
description thereof 1s omatted.

As has been described above, according to the present
embodiment, by calculating the translational velocity by
also using the angular velocity, the calculation precision of
the translational movement amount can be further improved.

Here, 1n the present embodiment, the radius of gyration 1s
calculated from the ratio between the angular velocity and
the translational velocity, and the ultimate translational
velocity 1s calculated based on the calculated radius of
gyration. A plurality of calculation methods of the transla-
tional velocity of the body, which utilize the angular velocity
sensor, have been proposed. Aside from the method
described 1n the present embodiment, any calculation
method, which uses the integration value of acceleration in
the calculation process, 1s applicable.

Fifth Embodiment

In the second embodiment, the acceleration sensor 1s used
for calculation of the translational velocity. In the fourth
embodiment, the acceleration sensor and angular velocity
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sensor are used for calculation of the translational velocity.
A fifth embodiment 1s an example in which the motion speed
of an i1mage, which 1s obtained by calculating a motion
vector, 1s used for calculation of the translational velocity.

In general, 1n the state 1n which the camera 1s displaying
a through-image, the information acquired by the image-
capturing element 4 1s processed by the system controller 6
and 1s utilized for display. The system controller 6 1n the
present embodiment also executes calculation of a motion
vector by using the mformation which 1s acquired by the
image-capturing element 4 while a through-image 1s being
displayed. The calculated motion vector can be utilized as
the 1mage blur correction amount.

Here, immediately before the exposure period, the image-
capturing element 4 1s light-shielded by the focal plane
shutter 3. Thus, the calculation of the motion vector 1s
disabled. When the calculation of the motion vector has
become 1mpossible, the calculation of the translational
velocity 1s performed by utilizing the mputs from the
acceleration sensor and angular velocity sensor, which have
been described 1n the above embodiments and modifications
thereof.

Although the present invention has been described above
based on the embodiments, this invention 1s not limited to
the above-described embodiments. Needless to say, various
modifications and applications can be implemented without
departing from the spirit of the present invention.

What 1s claimed 1s:

1. A shake amount detection device comprising:

an acceleration sensor configured to detect an acceleration
which 1s applied to a body;

a vibration period detector configured to detect a vibration
period during which vibration that becomes a prede-
termined acceleration 1s applied to the body;

a velocity varation estimation unit configured to estimate
a first movement velocity which 1s a component veloc-
ity due to an attitude movement of the body during the
vibration period, based on the acceleration detected by
the acceleration sensor;

a velocity calculator configured to calculate a second
movement velocity that 1s a velocity of the body, based
on the acceleration, and to correct the second move-
ment velocity, based on the first movement velocity
estimated by the velocity variation estimation unit, in a
case of the vibration period as a detection result of the
vibration period detector; and

a shake amount calculator configured to calculate an
image blur correction amount, which 1s an image
movement amount occurring due to the attitude move-
ment of the body, relative to the vibration applied to the
body, based on the second movement velocity cor-
rected by the velocity calculator.

2. The shake amount detection device of claim 1, wherein

the velocity variation estimation unit includes:

an 1nterpolation unit configured to 1nterpolate and calcu-
late an acceleration during the vibration period by using,
accelerations belfore and after the vibration period, the
acceleration being a component due to the attitude
movement of the body during the vibration period; and

an integration arithmetic unit configured to estimate the
first movement velocity during the vibration period by
integrating the interpolated acceleration.

3. The shake amount detection device of claim 2, wherein
the interpolation unit 1s configured to execute the interpo-
lation by an interpolation curve generated by using three or
more accelerations before and after the vibration period.



US 9,525,820 B2

23

4. The shake amount detection device of claim 3, wherein
the interpolation unit 1s configured to calculate the mterpo-
lation curve by using accelerations before the vibration

period, the number of the accelerations being equal to or
greater than the number of accelerations after the vibration
period.

5. The shake amount detection device of claim 2, further
comprising a controller configured to control precision of

interpolation arithmetic of interpolating the acceleration
during the vibration period.

6. The shake amount detection device of claim 5, wherein
the controller 1s configured to control the precision of the
interpolation arithmetic i accordance with at least one of an
image magnification and a shutter speed.

7. The shake amount detection device of claim 1, wherein
the velocity varnation estimation unit 1s configured to deter-
mine whether or not to execute estimation of the velocity
variation, i accordance with a length of a continuation
period of the vibration period, the continuation period being,
a time from a start of the vibration period detected by the
vibration period detector to an end of the vibration period.

8. The shake amount detection device of claim 1, wherein
the velocity variation estimation unit includes:

a first mtegration umt configured to integrate the accel-

eration detected by the acceleration sensor;

an extraction unit configured to extract an acceleration

due to vibration based on an operation of a movable
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component which 1s different from the body 1tselt, from
among accelerations detected by the acceleration sen-
sor; and

a second integration umt configured to integrate the

acceleration extracted by the extraction unit,

wherein the velocity vanation 1s estimated from a difler-

ence between an integration result of the first integra-
tion unit and an integration result of the second inte-
gration unit.

9. The shake amount detection device of claim 8, wherein
the extraction unit includes a high-pass filter having a cutoil
frequency which 1s higher than an upper limit value of
frequencies of vibration of the body due to camera shake and
1s lower than a lower limit value of frequencies of vibration
based on the operation of the movable component.

10. The shake amount detection device of claim 1,
wherein the velocity 1s a translational velocity.

11. The shake amount detection device of claim 1,
wherein the vibration of the predetermined threshold or
more 1s vibration due to movement of a shutter.

12. An 1maging device comprising:

the shake amount detection device of claim 1; and

a shutter,

wherein the vibration period detector 1s configured to

detect the vibration period, based on a control signal of
the shutter.
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